Patients with idiopathic sudden sensorineural hearing loss (ISSNHL) often experience permanent hearing impairment, which could result in psychological perturbations. However, the relationship between ISSNHL and affective disorders, including depression, anxiety, and bipolar disorder, has not been fully evaluated.
I diopathic sudden sensorineural hearing loss (ISSNHL) is characterized by sudden-onset sensorineural hearing loss of at least 30 dB in 3 sequential frequencies over 3 days or less. 1 Sudden sensorineural hearing loss (SSNHL) is one of the few otologic emergencies, and although it has a high spontaneous recovery rate, some affected patients experience partial or no recovery. [1] [2] [3] For these patients, loss of function in an organ essential for communication is a terrifying experience and a significant stressor. Thus, patients with ISSNHL often experience deterioration in their quality of life in terms of social life and daily activities. 4 In addition, the sensory impairment, with its associated disability, may result in social isolation of hearing-impaired individuals, which can lead to depression, irritability, and feelings of inferiority. 5, 6 Affective disorders, also called mood disorders, are a type of psychiatric disease. The main types of affective disorders are depression, anxiety, and bipolar disorder. [7] [8] [9] Symptoms vary by individual and can range from mild to severe. Although some neurotransmitters are known to play a major role in the development of affective disorders, the primary etiology of these diseases remains unclear. However, specific life events such as traumatic events or personal loss can trigger the development of affective disorders. A recent study using Taiwan National Health Insurance data demonstrated that ISSNHL was associated with a significant increase in the risk of depressive disorders. 10 This study revealed that patients with ISSNHL have a 2.17-fold higher risk of developing a depressive disorder. Another study showed that the incidence of SSNHL was 1.45 times higher in patients with depressive disorders than in patients without a medical claim for depressive disorders. 11 Moreover, a nationwide cohort study found that patients with ISSNHL were more likely to have a preexisting anxiety disorder than patients without ISSNHL were. 12 Taken together, the results of these studies suggest that a relationship exists between ISSNHL and affective disorders; however, the existence and nature of this relationship remain unclear. Therefore, in this study, we investigated the association between ISSNHL and the prospective risk of developing affective disorders, using a nationwide representative sample of 1 025 340 adults from the National Sample Cohort 2002-2013 of the Korea National Health Insurance Service (KNHIS-NSC) in South Korea. Because this nationwide population-based data set contains information on the medical service utilization history of more than 1 million Koreans, we could examine the association between ISSNHL and the subsequent risk for affective disorders while adjusting for clinical and demographic factors.
Methods

Korea National Health Insurance Service
The national health insurance has provided health coverage to the entire South Korean population since 1989. Therefore, every South Korean is enrolled in the KNHIS and nearly all data in the health system are stored centrally in large databases. The KNHIS controls all medical costs among beneficiaries, medical providers, and the government. Almost all medical data, including diagnostic codes, procedures, prescription drugs, and personal information, are included in the KNHIS database. Each South Korean resident is assigned a unique identification number at birth, and this number is used by the KNHIS to identify each individual. Thus, health care claim data are not omitted or duplicated. In the KNHIS, the Korean Classification of Diseases (KCD), which is a very similar system to the International Classification of Diseases, is used as a system of diagnostic practice codes. The present study used KNHIS-NSC data collected from 2002 to 2013, which comprised information from 1 025 340 nationally representative random individuals, accounting for approximately 2.2% of the South Korean population in 2002. Stratified random sampling was performed using 1476 strata, by age (18 groups), sex (2 groups), and income level (41 groups: 40 health insurance and 1 medical aid beneficiary) among the South Korean population of 46 million in 2002.
Study Population
This study adhered to the tenets of the Declaration of Helsinki, and used KNHIS-NSC data (NHIS-2016-2-162) collected by the National Health Insurance Service (NHIS). This study was approved by the Institutional Review Board of Hallym Medical University Chuncheon Sacred Hospital (Chuncheon, Korea), and the need for written informed consent was waived because the KNHIS-NSC data set consisted of deidentified secondary data for research purposes. The ISSNHL group included all patients who received inpatient and outpatient care for an initial diagnosis of ISSNHL between January 2002 and December 2005. A positive ISSNHL diagnosis satisfied all of the following conditions: (1) the patient received a diagnosis under KCD codes H912, H9120, H9121, H9129, or H810; (2) the patient underwent pure-tone audiometry; and (3) and the patient was prescribed steroid medications. Patients were excluded according to the following criteria: (1) received a diagnosis of depression (KCD code F32, F320, F321, F322, F323, F328, F329, F33, F330,  F331, F332, F333, F334, F338, or F339), anxiety disorder (KCD  code F40, F408, 
Key Points
Question Is idiopathic sudden sensorineural hearing loss associated with affective disorders?
Findings In this cohort study using a Korean nationwide representative sample of 2002 through 2013 data on 8550 patients, sudden sensorineural hearing loss was associated with an increased incidence of depression and anxiety but not bipolar disorders.
Meaning Clinicians may consider the risk of developing depression and anxiety when patients receive a diagnosis of idiopathic sudden sensorineural hearing loss.
residential area, household income, and comorbidities. Finally, 1425 eligible patients with ISSNHL and 7125 patients in the comparison group were enrolled. Each patient was tracked until 2013, and we identified patients who were diagnosed with affective disorders, including depression, bipolar, and anxiety disorder.
Predictor and Outcome Variables
Details of patients' age, sex, residence, household income, and comorbidities were obtained from the database. The study population was divided into 3 age groups (<45, 45-64, >64 years), 3 income groups (low, ≤30.0%; middle, 30.1%-69.9%; and high, ≥70.0% of the median), and 3 residential areas (first area, Seoul, the largest metropolitan region in South Korea; second area, other metropolitan cities in South Korea; and third area, small cities and rural areas). Details of traditional risk factors for affective disorders were obtained from the KCD, including data on hypertension, diabetes, stroke, ischemic heart disease, chronic kidney disease, asthma, chronic obstructive pulmonary disease, osteoarthritis, rheumatoid arthritis, malignant neoplasm, HIV infection, and mental and behavioral disorders due to alcohol consumption. The presence of comorbidities was defined as any diagnoses based on these codes between 2003 and 2005, prior to the diagnosis of affective disorders. The operational definitions of study end points were all-cause mortality or the incidence of depression, bipolar, and anxiety disorder. All patients who had no events and were alive until December 31, 2013, were censored after this time point. The risks of affective disorders were compared between the ISSNHL and comparison groups by using person-years at risk, which were defined as the duration between either the date of ISSNHL diagnosis or January 1, 2003 (for the comparison group), and the patient's respective end point.
Statistical Analysis
Incidence rates per 1000 person-years for affective disorders were obtained by dividing the number of patients with incidents of affective disorders by person-years at risk. The overall affective disorder-free survival rate was determined using the Kaplan-Meier survival curve for the observation period. For identifying whether ISSNHL increased the risk of occurrence of affective disorders such as depression and anxiety disorder, we used Cox proportional hazard regression analyses to calculate the hazard ratio (HR) and 95% CI, adjusting for the other predictor variables. All statistical analyses were performed using R, version 3.3.1 (R Foundation for Statistical Computing), with a 2-sided significance level of .05.
Results
Details of the characteristics of the study population for the 2 cohorts (the ISSNHL group and comparison group) are listed in the eTable in the Supplement. There were no significant differences between the 2 groups in sex, age, residential area, household income, and comorbidities because these variables were used for sample matching, indicating that group matching was performed appropriately. The Kaplan-Meier survival curves with log-rank tests for the 11-year follow-up are presented in the Figure. In the present study, we examined a total of 96 885.5 person-years (81 177.4 person-years in the comparison group and 15 708.1 person-years in the ISSNHL group). Our results showed that the incidence of affective disorders was 14.3 per 1000 person-years in the ISSNHL group and 9.1 per 1000 person-years in the comparison group (Table 1) . Thus, the incidence of affective disorders in the ISSNHL group was 5.2 per 1000 personyears higher than that in the comparison group.
We used univariate and multiple Cox regression models to analyze the HR for the development of affective disorders during the 11-year follow-up period, and the results of these analyses are presented in Table 1 . After adjusting for sociodemographic factors (sex, age, residential area, and household income) and comorbidities, we found that ISSNHL was significantly associated with the prospective development of affective disorders (unadjusted HR, 1.58; 95% CI, 1.36-1.84), as indicated by the results of multiple Cox regression analysis of all variables. In addition, we found that female sex and older age were significantly associated with the prospective development of affective disorders (female sex: HR, 2.01; 95% CI, 1.75-2.31; age 45-64 years: HR, 1.75; 95% CI, 1.51-2.03; and age >64 years: HR, 1.74; 95% CI, 1.37-2.20). The presence of comorbidities was also significantly correlated with the prospective development of affective disorders (HR, 2.59; 95% CI, 2.07-3.24). However, no significant association was found between any of the other factors analyzed and the prospective development of affective disorders.
Next, we performed subgroup analysis to examine the association between the development of depression, anxiety, and bipolar disorder in individuals with and without ISSNHL. The adjusted HRs, calculated using multiple Cox regression analysis, are provided in Tables 2, 3 , and 4. After adjustment for variables, the HRs of developing depression and anxiety disorder in individuals with ISSNHL during the 11-year follow-up period were 1.66 (95% CI, 1.44-1.91) and 1.79 (95% CI, 1.56-2.05), respectively, compared with the comparison group. In addition, we found that sex, increasing age, and comorbidities were significantly associated with the development of depression and anxiety disorder (Tables 2 and 3 , respectively). However, only age and comorbidities were significantly associated with the development of bipolar disorders (age 45-64 years: HR, 1.14; 95% CI, 0.70-1.88; age >64 years: HR, 2.23; 95% CI, 1.14-4.38; and comorbidities: HR, 3.48; 95% CI, 1.55-7.84) ( Table 4) .
Discussion
According to the National Epidemiological Survey in Taiwan, the annual incidence rates of SSNHL in male and female individuals were 8.85 and 7.79 per 100 000 persons, respectively. 13 Although ISSNHL can be alleviated or completely cured in some patients, hearing problems persist in approximately 60% or more of affected patients. 3 Patients with ISSNHL with hearing impairment usually experience difficulty in hearing speech over background noise and also in detecting the sources of sounds. 14 The persistent hearing impairment in such patients could induce social isolation, which could result in poorer mental health status than that of the general population. 15, 16 Consistent with this hypothesis, a previous study showed that severe depressive symptoms were more common in patients who did not recover from ISSNHL, which may be associated with greater emotional distress. 17 In addition, some patients with ISSNHL develop tinnitus in addition to hearing loss. 18, 19 Previous studies on the association between tinnitus and comorbid psychological disorders have shown that individuals with tinnitus have a high prevalence of anxiety and depression.
20,21
Moreover, patients with tinnitus who have normal hearing reported more subjective discomfort than those with hearing impairment. 22 Therefore, it would be prudent for physicians to monitor the mental health status of patients with ISSNHL.
Recently, several studies have demonstrated that the risk of developing affective disorders is significantly associated with ISSNHL. [10] [11] [12] Nevertheless, epidemiologic studies regarding the association between ISSNHL and affective disorders are still lacking. To our knowledge, this is the first study to investigate the risk of development of affective disorders, including depression, anxiety, and bipolar disorder, in patients with ISSNHL after adjusting for patient sociodemographic characteristics and comorbid medical disorders. In the present longitudinal study, we examined the association between ISSNHL and affective disorders in sociodemographically matched individuals extracted from a nationwide 11-year longitudinal cohort database of 1 025 340 South Korean patients. We found that patients with ISSNHL had a significantly increased incidence rate of affective disorder, with an HR of 1.5 after adjusting for sociodemographic factors and the presence of comorbidities. Specifically, we found that ISSNHL resulted in a significantly increased risk of depression and anxiety disorder, but not bipolar disorder. The currently available evidence suggests that psychological perturbations such as depression and anxiety have a negative effect on the quality of life of patients with SSNHL. Thus, our findings suggest that physicians who treat patients with ISSNHL should pay more attention to the development of depression and anxiety symptoms to improve the patients' quality of life. Studies conducted to date, including the present study, have not found any association between ISSNHL and bipolar disorder. 
Strengths and Limitations
The present study has several strengths. First, this study was based on a large national population-based database, which enabled us to analyze effectively all events for each affective disorder. Second, our cohort had a relatively long follow-up period (11 years). Third, to control for the effect of inappropriate treatment, ISSNHL was defined using an established diagnostic code, with the additional requirements of pure-tone examination for diagnosis and the same treatment regimen (steroid prescription). Because the KNHIS-NSC database contains all information related to ISSNHL diagnosis, including examinations, procedures, and medications, we considered all of the enrolled patients in this study to have been treated appropriately. Finally, to improve diagnostic accuracy, we included only patients with ISSNHL diagnosed by otolaryngologists and patients with affective disorders diagnosed by psychiatrists, because the diagnoses input into the NHIS-NSC database may differ due to different physicians. Therefore, our findings suggest that ISSNHL increases the risk of affective disorder, regardless of patients receiving proper treatment for ISSNHL. However, our study also has some limitations. First, we had no access to data regarding the severity of ISSNHL, level of tinnitus, and hearing rehabilitation measures such as hearing aid use or placement of cochlear implants. Therefore, these potential confounding factors could not be controlled for in this study. Second, the diagnosis of ISSNHL was dependent on the KCD diagnostic code, which might be less accurate than diagnoses based on information from a medical record that, for example, included medical history, imaging, or audiometry results. Third, data regarding the initial severity of hearing impairment and the permanent hearing impairment level after appropriate treatment were lacking in our registry, so we could not investigate whether initial severity influenced the development of affective disorders or whether patients with ISSNHL with permanent hearing impairment had a higher risk of affective disorders than patients with ISSNHL without permanent hearing impairment did. Fourth, it is likely that depression and anxiety were underdiagnosed because many people with anxiety or depression symptoms may not present to a physician. Finally, because this was a retrospective cohort study, we could not directly examine and analyze the mechanisms underlying the relationship between ISSNHL and affective disorders. Future clinical studies investigating a wider range of factors, diagnostic criteria, and objective hearing values can provide additional evidence for the link between ISSNHL and affective disorders.
Conclusions
The present study investigated a possible link between ISSNHL and the prospective development of affective disorders. We observed that patients with ISSNHL had a higher risk of affective disorders, specifically depression and anxiety disorder, during an 11-year follow-up period. This finding suggests that clinicians should consider patients with ISSNHL to be at an increased risk of developing affective disorders, and take specific precautions to reduce their risk of depression and anxiety disorder. When we think about the effects of an otologic disorder such as tinnitus or hearing loss, we tend to think about patients with bilateral symptoms. There have been studies that show the effects of chronic tinnitus and hearing loss in depression. 2, 3 We are all aware of studies linking hearing loss to dementia. 4 Once again, these studies were looking at patients with bilateral hearing loss. Looking at the effects of a unilateral sudden loss is interesting because we tend not to think of the devastation, because the contralateral ear usually has hearing, and in many instances is normal. The onset of sudden hearing loss has already been shown to lead to a deterioration of the patient's quality of life. 5 Patients become more socially isolated because of the hearing loss and, over time, become depressed or irritable. 6, 7 A previous study showed that there is an increased risk of developing depressive disorders. 8 This study, 1 using the Korean National Health Insurance Service Database, evaluated more than 1400 patients with ISSNHL over an 11-year period. They were appropriately matched to more than 7000 patients without ISSNHL. There are several strengths of this study. This study looked at the prospective risk of developing affective disorders. Also, the authors were able to adjust for sociodemographic characteristics and comorbidities. The study was also strengthened by including only patients who had received a diagnosis of an ISSNHL by otolaryngologists, and affective disorders by a psychiatrist. With this accounted for, the incidence of developing depression or anxiety was significantly increased in the patients with ISSNHL. They showed that the incidence of developing affective disorders in patients with ISSNHL was 14.3 per 1000 person-years as opposed to 9.1 per 1000 personyears in the normal-hearing group. Also, when looking at subgroups, the study showed that the rates of developing affective disorders in patients with ISSNHL were higher in women and in patients older than 45 years. Unfortunately, the study does have any long-term followup. We do not know whether symptoms of affective disorders improved in patients who recovered their hearing. There are no data to suggest whether the affective disorders ever resolve once patients adapt to the hearing loss. There was also no investigation into whether patients who were fitted with hearing devices, such as hearing aids, cochlear implants, or osseointegrative devices, had improvement or resolution of their affective disorder. This would be an interesting future study. This type of longitudinal study would be important to determine whether the affective disorder that results from developing an ISSNHL is permanent. Also, this type of study could assess the effectiveness of the hearing devices in possibly reversing the affective disorder symptoms, as well as improving the patient's overall well-being.
The results of this study are important. Clinicians who treat these patients should explore with their patients possible signs or symptoms of an affective disorder. The clinician should refer these patients for proper assessment and treatment if necessary. Pursuing a team approach, including behavioral psychologists or psychiatrists, to help diagnose and manage these patient's affective disorder symptoms may be helpful. This study shows that in patients with ISSNHL, we also need to be concerned with the whole person, and not just the loss of hearing in 1 ear. Seoul, a largest metropolitan; 2nd area, other metropolitan cities; 3rd area other areas.
